Monthly weights, heights and condition scores and measurements taken at the time of puberty were utilized to estimate effects of breed-type and heterosis on characters related to growth, size and puberty of second-generation heifers of a five-breed diallel involving Angus, Brahman, Hereford, Holstein and Jersey. One group of heifers was maintained on pasture with supplemental feed; two other groups were fed in individual pens starting at weaning and 1 yr of age, respectively. A model including main effects of breed-type, sire within breed-type, management, parity of dam and birth-season was used for analyzing all characters. Breed-type tested with sire within breed-type was significant for all characters except ADG from 360 to 450 d. Straightbred and crossbred means were larger for the second generation than for the first, presumably due to management and(or) year effects. Heterosis generally was positive and, when expressed as a percentage, decreased with age, which is in agreement with other research reports. Holsteins and Brahmans were largest for growth and size characters, whereas Jerseys were smallest. Jerseys were the youngest, lightest and shortest at puberty, whereas Brahmans were oldest, heaviest and tallest.
Introduction
Information needed for designing useful beef cattle breeding systems includes knowledge of size, growth and pubertal traits. Dickerson (1969 Dickerson ( , 1973 discussed the importance and application of results of research to characterize breeds and their crosses. Cundiff (1970) and Long (1980) summarized results of this type of research conducted in the U.S. The numerous composite breed-types available in the southern U.S. attest to the popularity of the inter se crossbreeding systems. Little information has been published on F 2 crosses in comparison with straightbreds. Comparisons of F 2 generation inter se crosses for growth and puberty and comparison with contemporary straightbreds is needed to design effective crossbreeding programs.
Measures of size, growth and condition from 7 through 21 mo of age and characters at puberty of second generation (G2) purebred and F2 heifers of a five-breed diallel are presented in this report. The objectives of this research were to provide information on growth and puberty of F2 heifers that can be used to design programs for composite breed information and also to provide estimates of heterosis for F2 generations. 'Reciprocal crosses were pooled; therefore, crossbreds in this table were F 2 crosses obtained by mating F~ bulls and F 1 cows of the various reciprocal combinations present at random with respect to reciprocal type represented.
Holstein and Jersey conducted at the Texas A&M University Agricultural Research Center at McGregor. First generation (G1) cattle were obtained by contracting matings in 1972 to produce animals of five straightbred (S1) and 10 crossbred (F 1, reciprocals pooled) breedtypes. Details of procedures and results from analyses of G1 were reported by Stewart (1977) , Long et al. (1979) and Stewart et al. (1980) . Straightbred and F 1 bulls were mated inter se by artificial insemination to G1 females to produce generation two (G2), in which there were three parturitions per cow (S2:straightbreds or F2:crossbreds).
The GI cows were managed on pasture in three different breeding herds. Cows were supplemented with a salt-limited grain diet and hay when sufficient grass was not available. The G2 calves were born on pasture on a yearround basis and were not creep fed. Calves were weighed and measured at least once between birth and weaning and weaned at approximately 7 mo of age. Details of management of cows in G1 were presented by McElhenney et al. (1985) .
The G2 heifers were allotted to one of three management regimens: pasture (Pa), pasturepen (Pp) and pen (Pn). Table 1 shows the distribution of heifers by breed-type and regimen for characters measured at 270 d of age. The Pa heifers were managed postweaning on pasture with supplemental hay and grain or were group-fed a high-roughage diet in drylot when adequate grass was not available. Heifers in Pn and Pp were assigned to pens for individual feeding within 45 d postweaning and at older ages, respectively. Heifers for Pp or Pn classes were chosen at random within breed-type with two constraints on the randomization. The first restriction was that only G2 calves from the second or third parturition of G1 cows were chosen. The second restriction was to avoid half sibs; therefore, heifers chosen for the Pn treatment were from different G1 sires and dams. Individually fed heifers were maintained outside in individual pens during daylight hours and turned out into large lots each night for exercise. Each exercise lot contained a marker bull to aid in estrus detection. Heifers in groups Pn and Pp had ad libitum access to a diet consisting of 18% sorghum grain, 10% cottonseed meal, 65% cottonseed hulls, 4% vegetable fat and 3% of a vitamin and mineral premix made up of trace mineral salt, urea and vitamin supplement. All heifers were weighed and height at the point of the hip between the hooks were measured at monthly intervals after weaning, At the same time, a subjective condition score ranging from 1 to 9 was assigned to each animal, with 9 representing extremely obese animals and 1 representing emaciated animals. Internal horizontal and vertical pelvic measurements were taken (Bel-lows et al., 1971) on each heifer at 12 and 15 mo of age.
Puberty was defined as first ovulatory estrus. When a nonpuberal heifer was ridden by a marker bull or by heifers, the ovaries were examined by rectal palpation for presence of a corpus luteum. At puberty, the date, weight, hip height and internal pelvic measurements were recorded. Heifers were moved to breeding herds to be bred after 12 mo of age or 50 d past puberty, whichever was later, and weights, heights and condition scores were taken at 60-d intervals.
Weights, hip heights and condition scores at 270, 360 and 450 d of age were calculated by linearly interpolating between measurements taken at ages adjacent to the desired age. Measures taken within 120 d prepartum were eliminated; no postpartum measures were included. A weight:height ratio also was calculated for each of these ages. Weights and heights calculated for each age were used to obtain absolute growth rates for weight and height for 90-d intervals. Weight and height at puberty were included, and weight and height per day of age and weight:height ratio were calculated from measurements at puberty. Records of one dwarf, three twin-born and two early-weaned (before 150 d of age) heifers were deleted; all other heifers with known breed-type were included.
Statistical Analysis
Main effects included in the final analysis were breed-type (five straightbreds, 10 crosses); sire nested within breed-type; management (Pa, Pp, Pn); birth-season (six groupings of months: Jan-Feb, Mar-Apr, May-Jun, Jul-Aug, Sep-Oct, Nov-Dec); and parity of dam. Sire nested within breed-type was considered a random effect and was used for testing breed groups and comparing breed effects and heterosis. Age of dam, birth-year of heifer and parity of dam were partially confounded because all dams were born in a single year (Long et al. 1979) . Based on preliminary analyses, parity of dams was chosen as a main effect representative of physiological age of cow, with parity classifications of 1, 2 and greater than 2 (mostly 3, with some 4). Twofactor interactions were considered in analyses with emphasis on those involving breed-type. The two-factor interactions involving breedtype were nonsignificant for an overwhelming majority of the characters analyzed and were excluded from the final model.
General combining abilities (GCA) and average heterosis and specific Eontrasts of the GCA were calculated using linear functions of breed-type least squares means following the procedure described by Harvey (1975) . The GCA were estimated with a contrast described by Simmonds (1979) utilizing the parental and crossbred populations. Four contrasts were evaluated for all dependent variables. The contrasts were as follows: A vs He; .5 (A + He) vs B; .33 (A + He + B) vs Ho; and .33 (A + He + B) vs J. Heterosis estimates for the second generation were compared to those reported by Stewart (1977) , Long et al. (1979) and Stewart et al. (1980) for the first generation using a t-test, which assumed that variances between generations were not different. Heterosis in G2 was estimated as the contrast between the F2 crossbred mean and contemporary purebred (G2) average. This estimate of heterosis would estimate 1/2 the expected F1 heterosis assuming no epistasis.
Results and Discussion
Actual and effective numbers (Harvey, 1985) of heifers per breed-type for groups of characters associated with different ages and puberty are presented in Table 2 . "The effective number is computed as the reciprocal of the linear function of the inverse elements used to compute the standard errors of each least squares means," according to Harvey (1985) . The differences between the actual and the effective number for each breed-type is due to the unbalanced subclass frequencies. Reductions in numbers over time resulted primarily from death or from records being deleted due to heifers being within 120 d prepartum. Parity of dam, birth-season and management were significant sources of variation for most of the characters. Even when not significant, they were retained in the model so that all breedtype least squares means would be adjusted for the same factors. Breed-type was a significant source of variation for all characters except for gain in height and weight for the interval from 360 d to 450 d. The effect of sire nested with breed-type was significant for heights at puberty, 270, 360 and 450 d; age at puberty; the height and weight per day of age at puberty; and the pelvic measurements at 12 mo of age. Theoretically, the F2 generation should 
Breed-Type Least Squares Means
Weight. Least squares means of breed-types for weight at selected ages are presented in Table 3 . Among straightbreds, Holsteins were the heaviest and Jerseys were the lightest at all ages. Brahman and Angus were lighter than Holsteins and heavier than Herefords at all ages. Rankings between Brahman and Angus were variable. Among crossbreds, Holstein and Jersey crosses were heavier and lighter, respectively, than other crossbreds. Brahman-Holstein heifers were consistently the heaviest at all the ages considered. These results in general are in agreement with those reported by Long et al. (1979) for G1, with the exception that GI Holsteins on pasture were lighter than Brahmans in weight at all ages. A partial explanation for this difference may be that there were differences in rearing procedures between generations (G1 vs G2). Holstein calves in G1 were artificially reared, whereas in G2 they were maintained with their dams until weaning near 7 mo of age; Brahmans were reared with their dams in both generations, although they were weaned early in GI. Rankings for Angus and Hereford was different from that reported by Gregory et al. (1966) , Long and Gregory (1975) , Laster et al. (1976) and Gregory et al. (1978) . Different samples of the breeds were used in these different studies. Heterosis estimates were positive at all ages. The GCA for weight at the selected ages are presented in Table 4 . The Angus and Hereford GCA were not significantly different from each other. The Holstein GCA were large and positive, and the Jersey GCA were relatively large but negative.
Weight Gain. Breed-type least squares means for absolute growth rate are given in Table 3 
I
o changes in rank occurred between the two periods. These changes in rank likely are due to random chance rather than to genetic differences in growth patterns. Several breedtypes gained relatively faster during the earlier than during the later time period, whereas others did the reverse (Table 4) . These findings agree with those reported by Long et al. (1979) except for heterosis values. Heterosis values for G1 were positive for all periods in the report by Long et al., (1979) , whereas our estimate was negative in G2 for the period from 360 to 450 d. The standard deviations were larger for G2 than for G1 pastured heifers.
Height. Least squares means for height of breed-types at selected ages are given in Table  5 . The ranking for straightbreds did not change at the various ages. Holstein heifers were the tallest, followed by Brahman. Hereford were shortest followed by Angus, with small differences between these two breeds. BrahmanHolstein heifers were the tallest among the crossbreds across all ages. In general, Holstein and Brahman crosses were miler than Jersey, Angus and Hereford crosses. The GCA (Table  6) indicate that Angus and Hereford were similar. These results are similar to those reported by Long et al. (1979) for G1, except that Brahman straightbreds and crossbreds were taller than their Holstein counterparts.
Heterosis was positive at all ages.
Growth in Height.
Breed-type least squares means for absolute growth rate for height are given in Table 5 . Height gains per day were greater for straightbred Holstein and Brahman heifers from 270 to 360 d of age; these were the fastest gaining heifers for that period, followed by Jersey, Hereford and Angus heifers. For G1, Long et al. (1979) noted that Holstein heifers ranked first for the same period, but Hereford and Angus had higher gains in height than Brahmans. Among crossbreds, Brahman and Holstein crosses exhibited higher absolute growth rate for height than the other crosses when both periods are considered together. Rankings for other crosses were variable over the two periods. Growth rate for height decreased with age. Only the AngusBrahman and Brahman-Holstein crosses had faster gains during the second age period. The straightbred and crossbred means both decreased in the second period compared with the younger age. Heterosis was not significant for the two age intervals (Table 6 ). The GCA Condition Score. Breed-type least squares means for condition scores are given in Table  7 . Among straightbreds, Herefords always had the highest condition scores, followed by Angus. Brahmans were intermediate, followed by Holsteins and Jerseys. Among crossbreds, a similar pattern was observed. In general, Hereford and Angus crosses were fatter than the others. Angus-Hereford, Angus-Brahman and Hereford-Brahman crosses had the highest scores across the different ages. The GCA values (Table 8) were positive for Angus and Hereford but negative for Holstein and Jersey. Results reported by Long et al. (1979) for G1 are in close agreement with these results.
Weight:Height Ratio. Least squares means for weight:height ratio are presented in Table  7 . Holstein and Jersey heifers had the highest and lowest ratios among slraightbreds, respectively, with Brahman, Angus and Hereford following after Holstein. Among crossbreds, Holstein and Jersey crosses had the highest and lowest ratios, respectively. These results differ from those reported by Long et al. (1979) for G1, in which straightbred Angus exhibited the highest ratios up to 450 d. Angus and Holstein were followed by Brahman, Hereford and Jersey in G1. Weight:height ratio often is considered to be an indication of condition. In the present study, the rankings of breeds for subjective condition score and weight:height ratio were somewhat different. The GCA in Table 8 reflect these different rankings. The Holstein GCA for condition score were negative, whereas the GCA for the ratio were relatively large and positive. This difference reflects the need to utilize various criteria when evaluating condition of cattle with wide differences in conformation, maturation rates and patterns of fat deposition. The various criteria include subjective condition scores, weight:height ratios, changes in condition and ratios across time. The overall body condition score does not describe different deposition patterns among breed-types. The conclusion that could be drawn from these results is that different breeds may have different optimal subjective condition scores. The use of condition scores to effectively assess body composition to determine optimal amount of supplementation, for example, may require adjustments for breed-type. Pelvic Measurements. Breed-type least squares means for pelvic measurements at 12 and 15 mo of age are presented in Table 9 . Among straightbreds, Holstein heifers had the widest pelvises and Brahman heifers had the tallest pelvic height at both ages. Among crossbreds, Brahman-Holstein heifers had the widest and tallest pelvises at both ages. In general, Holstein and Brahman crosses had larger pelvic dimensions than the other crosses. The higher rankings among Holstein and Brahman straightbreds were the same for G1 (Stewart, 1977) as for G2 heifers (our study). Minor changes of ranking between generations occurred among the other straightbreds for 12-mo pelvic measurements, and larger changes occurred for the same breeds and characters at 15 mo of age. Rankings among F 2 crosses also tended to differ somewhat from rankings of F1 crosses. Average heterosis estimates were positive for both pelvic measurements at 12 and 15 too.
The GCA (Table 10) indicated that the relative ranking of breeds at 12 mo was similar to ranking at 15 too. The Hereford and Angus effects were not different and were negative relative to the other breeds for pelvic width. The Brahman GCA for pelvic width was not different from zero, but for pelvic height it was large and positive relative to the other breeds.
There is an inverse relationship between pelvic measurements and dystocia; large pelvic size is associated with lower levels of dystocia. If dystocia had been predicted using either 12-or 15-mo dimensions, the Brahman, Holstein and Brahman x Holstein cross would have been predicted to have lower dystocia. In fact, the Holstein and Hereford had higher levels, as reported by McElhenney et al. (1985) . This discrepancy can be explained by differences in age at puberty (Table 9 ) and the fact that the Holsteins were being mated at a relatively smaller proportion of mature size. Therefore, using pelvic measurements at 12 or 15 mo of age in a selection program also should consider the age at first calving and the feeding program.
The changes in magnitude of the vertical and horizontal dimensions from 12 to 15 mo were similar for most breed-types. The percentage change in width was greater for the Herefords (10.1%) than for the Brahman, Holstein and Jersey (7.5, 7.4 and 7.4%, respectively) . The accelerated growth in Hereford compared with the other breeds is not due to relatively faster gain in weight during this same period, because the Brahman, Holstein and Jersey all had faster weight gains from 12 to 15 mo (Table 3) .
Pubertal Characters. Breed-type least squares means for pubertal characters are presented in Table 9 . In the straightbred group, Jersey heifers were the youngest, lightest and shortest at puberty. They had the smallest weight:height ratio, pelvic width and pelvic height. Brahman heifers were the oldest, heaviest and tallest with the largest weight: height ratio, pelvic width and pelvic height. Holsteins were the second youngest, lightest and tallest heifers at puberty, followed in order by Angus and Hereford heifers, with the exception that Herefords were taller than Angus. For weight:height ratio, Holstein had the second smallest ratio, followed by Hereford and Angus, which had similar values. Hereford had the second largest pelvic width and height, followed by Holstein for pelvic width and by Angus for pelvic height. For weight and height per day of age, Holsteins had the largest values at puberty, followed by Jersey and Angus. The ranking of Hereford and Brahman for these two traits was opposite. Brahmans were heavier but shorter per day of age at puberty than Herefords. Even though Brahmans were the tallest heifers at puberty, their older age at puberty caused them to have the smallest height per day of age. Brahman crosses were older, heavier and taller, whereas Jersey crosses were younger, lighter and shorter than the other heifers. Also, Brahman crosses had the highest weight:height ratio and largest pelvic measurements, whereas the Jersey crosses were opposite. Holstein crosses tended to be heavier and taller per day of age than the other crosses at puberty. Some changes of ranking among breed-types occurred for some of the characters when comparing G2 to results reported by Stewart (1977) and Stewart et al. (1980) for GI. Among straightbreds, Brahman ranked highest for age, weight, height, weight:height ratio, pelvic width and pelvic height at puberty, but other rankings tended to change. Holsteins in G1 were the youngest at puberty, followed by Angus, Jersey and Hereford. Ranking for weight at puberty was more similar between generations; Angus and Holsteins had similar weights. Holsteins in G1 were the second tallest heifers, followed by Angus and Jerseys with similar heights, ranking differently from G2. Among crossbreds, similar general trends were found in G1. Brahman crosses tended to be older, heavier and taller than their counterparts. Holstein crosses tended to be younger at puberty, and Jersey and Angus crosses tended to be shorter. Heterosis estimates (Table 10) for the pubertal characters were small and nonsignificant, except for age and weight/age. Straightbred Brahman were oldest at puberty, followed in order by Brahman x Hereford crosses and straightbred Herefords. Gregory et al. (1979) reported that Brahman crosses were older and heavier at puberty than other sire groups. In a study reported by Dow et al. (1982) , Brahman crosses were older at puberty, followed by straightbred Herefords. Steffan et al. (1985) reported that Herefords were older at onset of puberty than were Hereford x Angus or Hereford x Simmental crosses. Laster et al. (1976) found that Jersey crosses were younger and lighter than Hereford and Angus crosses at puberty, which agrees with our results. Similar results were observed by Burfening (1974) . He also found that Holstein crosses were heavier at puberty than Angus, Hereford and Jersey crosses; they were older than Jerseys but were no different in age at puberty from Hereford and Angus crosses. Ranking for Angus and Hereford for age at puberty in the present study is in agreement with results reported by Wiltbank et al. (1966 Wiltbank et al. ( , 1969 , Laster et al. (1972 Laster et al. ( , 1976 and Gregory et al. (1978) . However, a constant ranking-for Hereford and Angus for weight at puberty has not been found; in some experiments, Herefords were heavier (Wiltbank et al., 1966; Laster et al., 1976) , whereas in others they were found to be lighter than Angus at puberty (Wiltbank et al., 1969; Laster et al., 1972; Gregory et al., 1978) . This inconsistency may be due to the difference in nutritional environments under which the experiments were conducted or differences among samples of breeds.
Summary. In general, Holstein heifers had highest mean for growth and size characters, being the heaviest and tallest, with the highest weight:height ratio and weight and height gains; also, Holstein had the largest pelvic widths. Brahman followed Holstein in weight and height and weight gain and had the largest pelvic height. Jersey had the lowest means for weight, weight gain and weight:height ratio. Angus and Hereford heifers were fattest, and Holstein and Jersey had lowest condition scores. At puberty, Jerseys were the youngest, lightest and shortest, whereas Brahmans were the oldest, heaviest and tallest. Among crossbreds, the rankings tended to reflect the respective straightbred rankings. BrahmanHolstein heifers were taller and heavier and had higher weight gains than the other crossbreds. General combining abilities tended to reflect the performance ranking of the respective straightbreds.
